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ABSTRACT
This project is carried out to indentify whether the existing cooling capacity is 
suffice for an occupied building. The first objective of this project is to determine the 
heat gain of Block W when it’s fully occupied. The second objective of this project is to 
compare the calculated heat gain against the existing cooling capacity. In this project, 
Block W, UMP was chosen as the case study. The floor plan of Block W is first studied 
to review the building specifications. The building specification is used in the 
calculation of heat gain, and therefore to identify the cooling load required for Block W.
When Block W is fully occupied, the number of occupant will be around 1500 people. 
There are two types of air-conditioning system used in Block W which are split unit and 
air handling unit and the total existing cooling load is observed to be 852.74 kW. The 
peak heat gain is calculated as 1172.43 kW using Cooling Load Factor/ Cooling Load 
Temperature Difference (CLF/CLTD) method at 3pm. Therefore, the existing cooling 
load is observed to be undersized in design. However, the peak heat gain will only 
happen occasionally throughout the year. In order to overcome the undersized design 
cooling capacity problem, the cooling capacity should increase 27.3%.
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ABSTRAK
Projek ini dijalankan untuk menentukan kesesuaian kekuatan sistem penyejukan 
yang sedia ada dalam bangunan. Objektif pertama untuk projek ini adalah menentukan 
jumlah haba gandaan semasa bangunan dipenuhi oleh pengguna. Objektif kedua bagi 
projek ini adalah membanding antara jumlah haba gandaan dengan kekuatan sistem 
penyejukan yang sedia ada. Dalam projek ini, Blok W, UMP dipilih sebagai kes 
pengajian. Pengajian atas pelan lantai Blok W dibuat untuk mendapatkan butiran 
bangunan. Butiran bangunan akan dipakai dalam pengiraan jumlah haba gandaan and 
jumlah beban penyejukan yang diperlukan di Blok W. Blok W dibina untuk 
menanggung lebih kurang 1500 orang. Sistem penyaman udara yang dipakai di Blok W 
adalah split unit dan package unit dan jumlah kekuatan sistem penyejukan adalah 
852.74 kW. Haba gandaan puncak berlaku pada jam pukul 3 petang dan nilainya ialah 
1172.43 kW dengan menggunakan kaedah Cooling Load Factor/ Cooling Load 
Temperature Difference (CLF/CLTD). Oleh demikian, kekuatan sistem penyejukan 
yang sedia ada didapati kekurangan kekuatan. Walaubagaimanapun, situasi sebegini 
cuma akan berlaku sekali sekala dalam setahun. Untuk mengatasi masalah tersebut, 
kekuatan sistem penyejukan perlu dinaikan sebanyak 27.3%.
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CHAPTER 1
INTRODUCTION
The title of this project is Analysis of Heat Gain against Cooling Capacity at 
Occupied Building. The contents of this proposal are organized into five sections 
namely: (1) introduction, (2) literature review, (3) methodology, (4) results and 
discussions, and (5) conclusion and recommendations.
1.1 Background of the study
Air conditioning is the air cooling process in a building in order to provide a 
comfortable temperature. An air-conditioning system is the equipment that produces a 
refrigeration effect and distributes cool air or water to occupied spaces. Air-conditioning 
system can be classified by medium, physical arrangement, and cooling capacity 
(Swenson, 2004).
The project is carried out to identify whether the existing cooling capacity in the 
case study is suffice. There are generally few kinds of possible situation where the 
cooling capacity is suitable for the occupied building, or the existing cooling capacity is 
undersized or oversized.
21.2 Problem Statement
In an occupied building, there are many power consumers for example lights, 
computers, LCDs, and air-conditioning system. Among the power consumers, air-
conditioning system is one of the major power consumers in an occupied building.
Excessive power consumption for air-conditioning system may lead to high electricity 
cost. Whereas, low cooling capacity will makes occupants thermally uncomfortable.
1.3 Project Objectives
The aim of this project is to indentify whether the existing cooling capacity is 
suffice for an occupied building. As such, the proposed project seeks to fulfill the 
following objectives:
i) To determine the cooling load required for a case study. (Block W is chosen 
as the case study in the project),
ii) To compare the calculated heat gain against the existing cooling capacity in 
the case study.
1.4 Scopes of Project
Based on the aim and objectives of this project, the scopes of the project are:
i) Determine the building material to obtain the overall heat transfer coefficient, 
U (W/m².°C)
ii) Calculate the overall building heat gain, Q (kW)
iii) Identify the cooling capacity (kW) used in Block W
CHAPTER 2
LITERATURE REVIEW
2.1 INTRODUCTION
The purpose of this chapter is to provide a review of past research efforts related 
to human thermal comfort, humidity ratio and relative humidity, psychrometric chart, 
and thermal comfort zone. In this literature review, we will have further study about the 
building heat gain and the cooling load of an occupied building. The main source of 
reference for this literature review is from Ogulata (2007) and Pita (1998).
2.2 HISTORY OF THERMAL COMFORT
Human beings come into this world with little protection against the harsh 
environment conditions unlike animals such as a fox or a bear that are born with built-in 
furs. For that reason, we can claim that the search for thermal comfort dates back to the 
beginning of human history. During early stage, human being lived in caves that 
provided shelter as well as protection from extreme thermal conditions. Means that it is 
likely the first form of heating system used in human history was open fire, followed by 
fire in dwellings through the use of a chimney to vent out the combustion gases. The 
concept of central heating dates back to the times of the Romans, who heated homes by 
making use the double-floor construction techniques and passing the fire’s fumes
through the opening between the two floor layers. Transparent windows which were 
made of mica or glass were also used by the Romans to keep the wind and rain out 
while letting the light in. The primary energy sources for heating were wood and coal, 
and oil and candles were used for lighting. The ruins of south-facing houses indicate 
that the value of solar heating was recognized early in the history (Cengel, 2006).
42.3 HUMAN THERMAL COMFORT
Human beings spend most of their lifetime in buildings for various activities. 
Uncomfortable indoor-air conditions in terms of thermal comfort and indoor air quality 
will directly affect human performance and also human health. The essential element in 
an occupied building is heating, ventilating, and air-conditioning (HVAC) system, 
which will provide a comfortable indoor climate and less polluted air for the occupants. 
However, these requirements to HVAC system reflect a large amount of energy 
consumption in building. Without proper process of finding out the indoor-air condition, 
it may not feasible that the HVAC system efficiently consumes energy for it to achieve 
such requirements at the same time (Atthajariyakul and Leephakpreeda, 2004).
Kavgic et al. (2008) also stated that indoor air quality and thermal comfort are 
both important factors during the design of high quality building. They also mentioned 
that although innovations in air-conditioning and other forms of cooling or ventilation 
can be viewed as technological solutions to the problem of maintaining and producing 
energy efficient environment conditions that will be beneficial for human comfort, 
performance, and health, there is often a conflict between reducing energy consumption 
and creating comfortable and healthy buildings.
Prek (2005) described human acts as a heat engine and thermodynamically could 
be considered as an open system. The energy and mass for the human body’s vital 
processes are taken from external sources which are food and liquids and then 
exchanged with the environment. These exchanges are very important since they are 
defined as thermal sensation, i.e. thermal comfort. Ogulata (2007) also mentioned that 
human body converts the chemical energy of its food into work and heat, producing 
through its processes of metabolism a great deal of heat.
Generally, human body will keeps its body temperature constant at 37 ± 0.5℃
under different climatic conditions (Ogulata, 2007; Cengel, 2006). According to Cengel 
(2006), at a state of thermal comfort, 33℃ will be the observed average skin 
temperature of the human body. There will be no discomfort experienced as the skin 
temperature is varying by±1.5℃.
52.4 HUMIDITY RATIO AND RELATIVE HUMIDITY
One of the several measures of air humidity is the humidity ratio. It can be 
defined as the mass of the water vapor in a specific volume of humid air divided by the 
mass of the dry air in the same volume. The humidity ratio can be expressed as (Watson 
and Chapman, 2001):
a
v
m
m (2.1)
The relative humidity is the ratio of the mass of water vapor actually present to 
the mass that would be present if the air were saturated at the same temperature. The 
relationship can be expressed as (Iynkaran and Tandy, 2004):
g
v
m
m
RH  (2.2)
2.5 PSYCHROMETRIC CHART AND COMFORT ZONE
According to Iynkaran and Tandy (2004), there are several types of 
psychrometric charts have been devised to show the graphical relationship between the 
various properties of moist air. One type of the chart is dry and wet bulb temperature 
lines. When the dry bulb and wet bulb temperature have been measured for an occupied 
space, the state point on the psychrometric chart can be found by the intersection of the 
dry and wet bulb temperature lines as shown in Figure 2.1. From the state point 
established, several other properties such as humidity ratio and relative humidity can be 
easily determined.
As mentioned by Grondzik (2007), the design space temperature and humidity 
for both heating and cooling seasons should be based on Standard 55 for most 
applications. Figure 2.2 shows the acceptable ranges of operative temperature and RH 
for human comfort from Standard 55.
6Figure 2.1: Dry and wet bulb temperature lines
Source: Iynkaran and Tandy 2004
Figure 2.2: Acceptable ranges of operative temperature and RH for human comfort 
from Standard 55
Source: Grondzik 2007
72.6 BUILDING HEAT GAINS
The heat gain components which contribute to the building cooling load consist 
of the following (Pita, 1998):
i. Conduction through exterior wall, roof, and glass
ii. Conduction through interior partitions, ceilings, and floors
iii. Solar radiation through glass
iv. Lighting
v. People
vi. Equipment
vii. Heat from infiltration of outside air through openings
Figure 2.3 shows the components which contribute heat to a room.
Figure 2.3: Room heat gain components
Source: Pita 1998
8Heat gain can be arranged into two groups as those from external sources outside 
the building and those internally generated. From the previous description, items i. 
through iii. are external heat gains, whereas items iv. through vi. are internal heat gain. 
The infiltration can be considered as a separate class.
Heat gain can be also arranged into sensible and latent heat gains. Sensible heat 
gain results in increasing the air temperature, whereas latent heat gains are due to 
addition of water vapor, thus increasing humidity. Heat gains of conduction through 
exterior wall, roof, and glass, conduction through interior partitions, ceilings, and floors, 
solar radiation through glass, and lighting are solely sensible gains. Heat gains from 
people and infiltration of outside air through openings are part sensible and part latent. 
Equipment heat gain can fall in either category or both. The separation of sensible and 
latent heat gain is important due to the selection of cooling equipment depends on their 
relative values (Pita, 1998).
2.7 COOLING LOAD
According to Pita (1998), the air inside a building receives heat from a number 
of sources during the cooling season. Heat must be removed in order to maintain the 
temperature and humidity of the air at a comfortable level. The amount of heat that must 
be removed to achieve comfortable level is called the cooling load. The cooling load 
must be determine due to it is the basis for selection of proper size of air-conditioning 
equipment and distribution system. Cooling load calculation also used to analyze energy 
use and conservation.
Pita (1998) also mentioned that, with cooling, the situation is more complex. The 
amount of heat that must be removed or the cooling load is not always equal to the 
amount of heat received at a given time. This difference is a result of the heat storage 
and time lag effects. Only a portion of the total amount of heat entering the building 
heats the room air immediately. The rest of it will heat other parts such as roof, wall, 
floors, and furnishings. This is called the heat storage effect. Only at a later time does 
the stored heat portion contribute to heating the room air. This is called the time lag 
effect. Figure 2.4 shows the heat flow diagram of building heat gain, heat storage, and 
9cooling load. The room cooling load can be defined as the rate at which heat must be 
removed from the room air to maintain it at the design temperature and humidity.
Figure 2.4: Time lag effect
Source: Pita 1998
The thermal storage effect and resulting time lag effect cause the cooling load to 
often be different in value from the entering heat (called the instantaneous heat gain). 
Figure 2.5 shows the example of difference between instantaneous heat gain and cooling 
load as a result of heat storage effect.
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Figure 2.5: Heat gain and cooling load against time of day
Source: Pita 1998
From Figure 2.5, during the time of day at which the instantaneous heat gain is 
the highest (the afternoon), the cooling load is less than the instantaneous heat gain. This 
happen due to some of this heat is stored in the building mass and is not heating the 
room air. Later in the day, the stored heat plus some of the new entering heat is release 
to the room air, and therefore the cooling load becomes greater than the instantaneous 
heat gain (Pita, 1998).
2.8 CLF/CLTD METHOD
Cooling Load Factor/Cooling Load Temperature Difference (CLF/CLTD) 
Method is a method to calculate building heat gain which is developed by the American 
Society of Heating, Refrigerating, and Air Conditioning Engineers (ASHRAE). The 
CLF/CLTD method can be carried out manually or using a computer (Pita, 1998).
The American Society of Heating, Refrigerating and Air Conditioning Engineers 
(ASHRAE) is an international technical society for all individuals and organizations 
interested in heating, ventilation, air-conditioning, and refrigeration. The Society, 
